A galactomannan isolated from seeds of Delonix regia was investigated. The specific rotation of the galactomannan was +15 at 25 C. The molecular mass of the galactomannnan was estimated to be 2:5 Â 10 5 . The ratio of D-mannose to D-galactose was estimated approximately to be 4.0:1.0 by HPLC and 1 H-NMR. NMR ( 1 H and 13 C) spectra, and methylation analysis of the galactomannan indicated that it was composed of 1,4-linked -D-mannose, 1,4,6-linked -D-mannose, and terminal -D-galactose. It was composed of pentasaccharide repeating-units, the chemical structure of which is proposed below.
Galactomannans are included as storage polysaccharides in the seeds of legume plants. 1) Scince they have high viscosity 1) and synergistic interactions with certain polysaccharides, including xanthan, 2-7) -carrageenan 8) and agarose, 9) they are often used as thickening and stabilizing agents in the food industry, and they and their derivatives are utilized in other industries. 10) Guar gum (Cyamopsis tetragonolobus) and locust bean gum (Ceratonia siliqua) are utilized mainly in the food industry. 1) Galactomannans are based on a linear (1!4)-linked -D-mannose residue backbone substituted partially with -D-galactose residues linked to O-6. The degree of substitution of galactose differs in the galactomannans extracted from various plants. The differences of the degree in substitution greatly affect solution properties, including water solubility, thickening ability and synergistic interactions. 10) Thus the degree of substitution of galactomannans obtained from various plants has been studied. 1, 7, [10] [11] [12] [13] Delonix regia is a legume plant widely grown in tropical and sub-tropical regions. The tree is cultivated as an ornamental or a boulevard tree due to its beautiful red flowers and its dense foliage, providing shade. Here we report a structural characterization of a galactomannan from seeds of D. regia growing in Okinawa, Japan.
Seeds were collected from husks of D. regia. After the endosperm was separated from the seeds by hand, it was crushed to a powder with a mixer. The powder was soaked in benzen-ethanol solution (1:1) overnight to remove lipids, and then it was dried in vacuo. The endosperm powder (10 g) was suspended in H 2 O (100 ml) at 100 C for 2 h, and then the suspension was autoclaved at 140 C for 30 min. After filtration, ethanol (2 vols) was added to the filtrate. The precipitate obtained was washed with ethanol and then dried in vacuo. The dried precipitate was dissolved in H 2 O at 90 C, and then the solution was filtered. Ethanol (2 vols) was added to the filtrate and the polysaccharide was prepared as described above.
The content of total carbohydrate of the polysaccharide was determined by the phenol-sulfuric acid method 14) using D-mannose as standard. The polysaccharide was dissolved in H 2 O (20 ml), and sulfuric acid was added to a final concentration of 1 M. The solution was heated at 100 C for 2 h. The hydrolyzate was neutralized with BaCO 3 and filtered. The hydrolyzate was analyzed by high-performance anion exchange chromatography (HPLC) on DX 500 liquid chromatography (Dionex, Sunnyvale, CA) fitted with a column of CarboPac PA1 (4 Â 250 mm) and a pulsed amperometric detector. The column was eluted at a flow rate of 1 ml/min at 35 C with 15 mM NaOH. The molecular mass of the polysaccharide was determined by HPLC using a chromatograph (LC-6A, Shimadzu, Kyoto, Japan) on a column of Superdex 200 with refractive index detection (RID-6A, Shimadzu, Kyoto, Japan). HPLC was performed at room temperature at a flow rate of 0.5 ml/min. The column was conditioned with 0.15 M sodium chloride in 0.05 M sodium phosphate buffer (pH 7.2), and elution was carried out with the same buffer. Standard pullulans (Showa Denko, Tokyo) were used as molecular mass markers.
The specific rotation of the galactomannan (0.2%) was measured at 589 nm on a polarimeter (DIP-180, Jasco International, Tokyo) with a cell 5 cm in length at 25 C. The infrared spectrum was recorded with an FT-IR spectrophotometer (FT-IR 8000, Jasco International, Tokyo) in transmittance mode from 4600 to 400 cm À1 in KBr disc. The KBr disc was prepared by dispersing a solid sample in salt.
The polysaccharides were dissolved in D 2 O and then freeze-dried. The dried sample (2%) was redissoloved in 
(189)
Note A d v a n c e V i e w P r o o f s (TSP, 0.00 ppm) as internal standard. The 1 H and 13 C NMR spectra were recorded on an FT-NMR spectrometer at 500.00 and 125.65 MHz (JNM 500, JEOL, Tokyo) at 70 C. For methylation analysis, polysaccharides dissolved in DMSO were methylated by the procedure of Hakomori.
15) The methylated polysaccharides was hydrolyzed using 2 M TFA for 3 h at 120 C. The partially methylated monosaccharides were reduced with 20 mg NaBH 4 in 1 M NH 4 OH at room temperature for 4 h, and were acetylated with a solution of pyridine and acetic anhydride (1:1) at 100 C for 1 h. The partially methylated alditol acetates were analyzed with a gas chromatograph (GC-14A, Shimadzu, Kyoto, Japan) equipped with a flame ionization detector using a capillary column (30 m Â 0:25 mm, DB-1, J & W Scientific, Folsom, CA). The injector and detector temperatures were 210 and 270 C respectively. After injection, the oven temperature was maintained at 150 C for 5 min, then raised by 5 C/min to 250 C, and kept there for 5 min. The identities of the peaks were confirmed with GC-MS (GCMS-QP 1000EX, Shimadzu, Kyoto, Japan) using same column.
Endosperm was obtained from the seeds at a yield of 28%. Polysaccharide was extracted from the endosperm by hot water and autoclave extraction. The yield was 73% on an endosperm basis.
The total carbohydrate content of the polysaccharide was determined to be 90.0% by the phenol-sulfuric acid method. By HPLC analysis of the hydrolyzate of the polysaccharide, D-mannose and D-galactose were identified, and the molar ratio was estimated to be 4.0:1.0. Thus the polysaccharide isolated from D. regia was identified as a galactomannan.
The molecular mass of the galactomannan was measured by gel chromatography, and was estimated to be approximately 2:5 Â 10 5 . Its specific rotation was +15 at 25 C. This value is a little lower than that for locust bean gum (+22 ).
2,4,6)
The infrared spectra of the galactomannan and locust bean gum were measured (data not shown). A major absorption around 3,400 cm À1 was attributed to stretching of the hydroxyl groups, and an absorption at 2,900 cm À1 was due to C-H stretching. 16) Absorption at 873 and 814 cm À1 was attributed to -D-mannopyranose and -D-galactopyranose respectively. 17) Absorption common to galactomannans was observed at 1,145 cm À1 , and was assigned to C-O bending vibration due to the pyranose ring, at 952 cm À1 was assigned to deformation of the axial C-OH at C-4, and between 1,150-950 cm À1 was characterized by C-OH bending. 
A d v a n c e V i e w P r o o f s
The spectrum of the galactomannan was consistent with that of locust bean gum over wide ranges of wave numbers. The 13 C-NMR spectrum of the galactomannan is shown in Fig. 1a . Well-resolved signals were observed, and they corresponded to -D-mannopyranose (anomeric carbon, 103.0 ppm), -D-mannopyranose branched at HO-6 (103.3), and -D-galactopyranose (101.7) residue. The chemical shifts of the galactomannan summarized in Table 1 are in accordance with those reported in the literature. 13, 18) The 1 H-NMR spectrum of the galactomannan is shown in Fig. 1b . In the anomeric region, two distinct signals were observed. The signal at 5.03 ppm arose from the H-1 of -D-galactopyranose ring, and the signal at 4.75 ppm arose from H-1 of -D-mannopyranose. 13, 18) The ratio of mannose to galactose can be also obtained directly from the relative areas of the signals for H-1 for both of them, and the ratio was 3.9:1.0. 2, [4] [5] [6] 19) In conclusion, the chemical structure of the galactomannan from D. regia is proposed. Synergistic cogelation characteristics between the galactomannan from D. regia and xanthan is now on progress. 
